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Aromatic ring and N-substituted derivatives of poly-
aniline have been prepared by peroxidisulphate oxida-
tion of respective substituted anilines under different
polymerization conditions, such as, temperature, elec-
trolyte composition and monomer to oxidant ratio. The
products formed under different conditions exhibit sign-
ificantly different conductivity, band width and exciton
band transitions as well as crystalline characteristics.
The temperature dependence of conductivity, micro-
wave and dielectric data and ESR studies lend support
to the suggestion that in polyaniline the electrons are
three dimensionally localized and consist of bundle of
chains which form 'metallic' bundles. These are the
crystalline regions of the polymer in which the electron
wavefunctions are three dimensionally extended. The
metallic bundles are separated by amorphous regions in
which charge hopping dominates the macroscopic con-
ductivity. The coherence, most probable hopping dis-
tance, hopping energy and localization length have been
compared for the series of polymers. It is also con-
cluded that interchain coupling and coherence are sup-
pressed due to substitution and the conduction elec-
trons in the amorphous region may be localized to
single chains. Thus, such polymer forms a class of I-D
disorder conductor.
Transport properties of conducting organic polym-
ers have been accounted on the basis of models
based on I-D character and their spectroscopic,
magnetic as well as temperature dependence of
electrical conductivity data are explained due to
the presence of solitons or polarons 1.2. However,
strictly 1-0 model fails to represent polymers
which show 'metallic' behaviour upon doping. The
.metallio conduction is because these polymers are
not strictly I-D, but quasi-I-D systems". In this
note we report the effect of substitution and
polymerization conditions on the electronic
spectra and electrical conductivity of polyaniline
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and importance of electron localization III its
derivatives.
Experimental
Polymer samples were prepared by peroxodi-
sulphate oxidation of aniline and substituted deriv-
atives using ammonium persulphate as oxidant in
a mixture of 1M acid and CH,CN electrolyte, si-
milar to polyaniline":" at temperature 0°, 15° and
30°C, respectively. Electronic spectra of polymer
solutions in DMF were recorded at room temper-
ature on a UV- 240 Shimadzu automatic recording
double beam spectrophotometer. DC electrical
conductivity of pellet samples was measured as a
function of temperature as resistivity. Higher resis-
tivity was measured by two probe method, on a
DC resistance bridge LCR meter 926 whereas
four probe technique was used for low resistivity
samples. The heating rate in both the cases was
1 Kmin-I.
Results and Discussion
The polymerization reaction is an exothermic
reaction. The reaction is faster in ring substituted
polyaniline than the parent polyaniline (PANI) and
is slower in N-substituted derivatives. But in case
of N-substituted derivatives, it increases with the
rise in temperature and the increase in the con-
centration of CH,CN in solvent electrolyte. The
colour of chemically synthesized PANI salt is
greenish black, while poly( o-methoxyaniline) is
violet-black and poly(N-phenylaniline) is grey 1\1.
The elemental analysis data for parent, ring
substituted and N-substituted derivatives of poly-
aniline with different counterions are presented in
Table 1 along with the calculated values. Calculat-
ed values considering four ring monomer units II
fit with empirical repeat unit (oxidized) and proto-
nated) (cf. Fig. 1). The discrepancy may be due to
the different levels of counterion and protonation.
While calculating these values, the complete pro-
tonation has been assumed at lower temperatures
that may not be the same in all cases. The oxid-
ized and protonated form might have n-
conujugation between polymer chain and all
nitrogen atoms": All C - N bonds and aromatic
rings would be identical and intermediate between
benzenoid and quinoid forms. Thus a repeated
unit has equal number of oxidized and reduced
units. The protonation of ionic nitrogen would be
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Table I-Physical data of polyaniline and its derivatives with Table II-Effect of temperature and electrolytic solvent on
different counterions electronic spectra of polyaniline
Polymer Counter Found % (Calc.) Solvent ratio Temperature Bandgap band Exiton bandion
(CHJCN-HCI) ·C· (nm) (nm)C H N
Polyaniline CI.- 56.16 4.19 10.4 0:1 0 335 610
\ 56.65 4.21 11.21) 0:1 30 330 610
CCI}COO- 44.76 4.14 9.30 1:1 0 305 590
(48.12 3.99 9.37) 1:1 30 300 570Poly(o-methoxyaniline) CI- 55.31 4.34 7.66
(57.04 4.25 8.4'2)
CCI,COO- 56.68 4.47 8.77
Table III-Effect of counterion on electronic spectra of poly(o-(54.46 4.74 9.50) methoxyaniline)SO•. - 62.12 4.01 8.67
(59.17 4.68 9.84) Counter ion Bandgap band Exiton band
Poly(N-phenylaniline) CI- 75.86 4.42 7.15 (nm) (run)
(78.05 4.87 7.58) SO.- 285 470
CCI,COO- 73.84 5.12 8.27 CI- 285,295 480
(70·19 4.27 7.87
NO; 290,300 485SO.-- 69.69 5.11 7.12
(66.82 4.17 6.49) C104- 275,306 490
C104- 65.28 4.90 6.67 CCI)COO- 285 470
(66.43 4.15 6.49)
Figure I-Repeat unit in PANI [R=OCHJ and R'=H for rin.g
substituted derivative; and R = H and R' = C6HS for Nesubsti-
tuted derivative]
different and this would result in stabilisation in
the polymer chain. There is no effect of counteri-
on and the polymerization conditions on polymer
structure 10.11.
Electronic spectra
The electronic spectra of PANI and its deriva-
tives show absorption band near 280-330 nm
which is assigned to 'bandgap' and the band above
450 nrn due to inter-ring charge transfer is as-
signed as exiton band that is associated with the
excitation of benzenoid to quinoid rings 13. The
bandgap varies with the temperature, electrolyte
solvent and the counterion during polymerization.
At low polymerization temperature the sample
shows smaller bandgap (red shift) and the bandgap
increases with the increasing amount of CH3CN in
the solvent mixture. Also, the bandgap depends on
the kind of counterion associated with polymer (cf.
Tables II and III) and follows the order:
CI04- <NO) <Cl-<S04-- <CCI3COO-
PANI prepared in pure HCI shows small band-
gap, and more electrical conductivity than that
prepared in CH3CN and HCI mixture. This may
be due to the transition from "rod-like" configura-
tion to "coil-like" configuration of the polymer. In
CH3CN-HCI mixture, the solvent interacts steadily
with the polymer which increases the entropy of
solvation and promotes formation of coil-like
state, causing disturbance in planarity of aromatic
ring which consequently decreases conjugation
and absorption bands shift to higher energies. Al-
so the topography of the surface changes when the
solvent in changed from strong electrolyte, HCI to
weak electrolyte, mixture of HCI and CH3CNI4.
Comparative studies of Jt -+ Jt* transition of sub-
stituted derivatives of PANI provide an insight in-
to change in the molecular geometry' caused by
the substitution in the backbone. The data show
hypsochromic shifts. This trend indicates an in-
crease in bandgap brought by an increase in tor-
sion angle between C - N - C plane and the plane
of benzene ring, due to increase of the bulkiness
of substituents, thus decreasing the conjugation.
Electrical conductivity
The conductivity of the sample increases with
the rise in temperature and the dependence of the
conductivity fitted to Eq.4.6(1).
... (1)
where To is related to the charge localization·
length, a - I, as
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Table IV-Effect of counterions on derivatives of polyaniline
Counter 0 7;, a -, R w
ioin (ohm-'cm-') (K) (ft.) (ft.) (eV)
Poly(o-methoxyaniline)
SO.-- 2.7 x 10-0 2.85 X 10' 0.83 6.36 6.16
NO)- 3.9xlO-' 2.61 x 10' 0.91 6.65 5.64
CCI~COO- 2.42xlO-x 1.28 x 10' 1.84 9.47 2.76
CI- 2.6 x 10-1> 9.81 X 104 2.40 11.0 2.15
CIO. 0.1 6.89 x 104 3.43 12.94 1.48
Poly(N-pheny1aniline)
CCljCOO- 9.35 x 10-" 2.52 X 10' 0.93 6.76 5.43
CI- 2.80 x 10" 7 1.29 X 10' 1.83 9.51 2.43
Polyaniline
Cl- 1.12 3.98 x 10.1 59.4 54.14 0.09
CClPO- 1.33 x 10-3 2.52 X 105 4.70 34.05 1.09
T()= 8a/[N(Er)Zk ... (2)
where k is Boltzmann constant, N (E F ) is the dens-
ity of the state which is 1.6 states per eV (2 rings)
for PANI4.0 and Z is number of nearest neigh-
bouring chains ( - 4).
The measured values of electrical conductivity
were plotted semilogarithmecally as a function of
inverse of square root of temperature. The values
of To obtained from the linear graph are used to
calculate the charge localization length (a - I), the
average hopping distance (R )4.0 and charge hopp-
ing energy (co),using Eqs 3 and 4.




These results for PAN! and its substituted deriva-
tives are recorded in Table IV. It is observed from
Table IV that the values of To decreases in the fol-
lowing order:
The large value of To implies that there is a grea-
ter localization of charge carriers in the polymer.
These studies and our earlier results 10 show that
To is lower at lower polymerization temperature
and at higher ratio of acid to CH3CN electrolyte
solvent Amongst substituted derivatives the value
of To is higher for ring substituted than that for
Nesubstituted derivatives and is less in PANI. In
ring substituted PANI there is greater interchain
disorder and larger separation due to which there
is no significant interchain coupling. Thus, the in-
terchain diffusion rate in ring substituted PANI is
less than that in PANI and N-substituted PANI.
This may be attributed to the existence of bulky
group on C6 ring. All bulky groups have larger
size than H-atom and its localization position Co
ring varies depending on the rotation of ring.
Hence the substitution on the ring increases the
interchain spacing and induces disorder. In case of
N-substituents the group is not directly attached to
C6 ring and as such it has less effect on interchain
spacing and disorder of chains.
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